Rio da Serra watershed presents well preserved fragments of rain forest at the headwaters and small farms at middle and final stretches. These features allowed the study of fluvial hydrochemistry, under quasi pristine conditions. Sampling stations were established in order to represent the basin, and visited during dry, intermediate and wet periods. Obtained results are: temperature (22.1 -28.6 °C); electric conductivity (34 -52 µS/cm); dissolved oxygen (35 -110%); pH (3.8 -7.7); total suspended solids (1.1 -20 mg/L); chlorophyll (1.0 -9.2 µg/L); total N (74 -580 µmol/L); particulate N (60 -550 µmol/L); N-NO 3 (0.1 -9.3 µmol/L); dissolved organic N (4 -70 µmol/L); total phosphorous (5.3 -47 µmol/L); particulate P (4.4 -59 µmol/L); P-PO 4 (0.1 -0.7 µmol/L); dissolved organic P (0.01 -2.0 µmol/L); silicate (30 -90 µmol/L); fecal coliforms (80 -700 CFU/100mL). In seasonal terms dissolved oxygen, electric conductivity, nitrate and silicate concentrations were higher during the dry, whereas TSS was higher during the wet period. Seasonal differences of dissolved oxygen, temperature, pH and nitrate were also detected near wetlands areas. Along the basin results showed a distinction between headwaters and other sections, revealing a control of fluvial hydrochemistry by the preserved area, mostly for the dissolved organic N and P species and phosphate.
INTRODUCTION
The fluvial systems form indissociable and interdependent units with their respective watershed (Hynes 1975 , Petts 2000 . The limnological characteristics of a water basin are the result of the properties of the present ecosystems, allied to physiographic factors such as lithology, relief and vegetation, besides population density and, still, climatic factors and seasonality (Camargo et al. 1996) .
Weathering of rocks, important determining factor of the fluvial chemistry (Hynes 1975 , Allan 1995 , together with the rainfall and evaporation (Gibbs 1970) control the salinity of water bodies, while the seasonal wet and dry propitiate a dynamic flow of nutrients and organic matter, determining characteristics of physical, chemical and biological factors differentiated between these periods (Junk et al. 1989) . The lotic systems can be comprehended as structured in a predictable way at length of a body continuum, from the source to the mouth and with different properties in its three phases: superior, medium and final patch (Vannote et al. 1980 ) and according with the serial discontinuity concept from Ward and Stanford (1983) , natural or anthropic factors, such as wets, dams or contaminant wasting, can cause alterations in this fluvial continuum.
Among the anthropogenic actions, deforestation, non-treated domestic sewage and urban and agiculture wastes are the principal modifying activities of the aquatic environment (Smith and Petrere Jr 2000 , Marques et al. 2003 , Martinelli et al. 2002 , with conspicuous presence in Brazilian watersheds. These actions are responsible for profound modifications in the structure and function of ecosystems (Smith and Petrere Jr 2000 , Marques et al. 2003 , Krusche et al. 2005 , Lorandi and Cançado 2005 , Martinelli et al. 2002 , Esteves 1998 , altering, for example, the size of nutrient pools, the flows between pools and nutrients speciation.
The Southern region of Bahia State concentrates the most important remnants of tropical rainforest of the Brazilian Northeast (Araújo et al. 1998 ). This region is recognized by its high biodiversity and rates of endemism (Wayt Thomas et al. 1998 , MAB/UNESCO 1972 and stated as one of the five principal hotspots for the conservation on the planet (Meyers et al. 2000) . Anthropogenic activities have reduced to less than 8% of the original forest area (SOS MATA ATLÂNTICA / INPE 2009) and these remaining forests are still under pressure. Regionally the principal impacts refer to the removal of the original vegetation and low indexes of basic sewage services coverage in the cities.
Pristine areas offer the opportunity to follow up the natural functioning of the fluvial processes (DePaula and Mozeto 2001, Marques et al. 2003) . They permit to define the reference levels, or background, for nutrients, coliforms, or other elements, useful to subsidize actions aiming the restoration of impacted environments. The study of watersheds free from major human interventions, contributes to the comprehension of the natural processes before the anthropogenic actions interfere in their complexity (Lowe-McConnell 1987) .
The principal objective of this work is to characterize the variation of the hydrochemistry in a watershed of a tropical rainforest, at different phases of the hydrograph, whose headwaters region presents an excellent state of preservation and different occupation degrees, in the medium and final patches.
MATERIALS AND METHODS

STUDy AREA
The drainage basin of the Rio da Serra is located at the Southern region of State of Bahia ( Fig.  1) , possessing typical environments from the Atlantic Rainforest Domain. Its headwaters are contained in the Una Biological Reserve (REBIO de Una; ID 48 at WDPA), grading its excellent preservation state, since this Conservation Unit category is the most restrictive in relation to the general state of its landscapes (Brasil 2000) . The medium patch is characterized by small properties which fulfill agricultural activities, husbandry and wood extraction and the final patch is composed of restinga and mangrove ecosystems. There are, in all the extension of the draining basin, no significant population nucleus such as cities, existing just some isolated housings.
The region presents the Af climate type in the Köpen classification, without a defined dry season, with annual precipitation close to 2,000 mm. The medium temperature stays around 24°C with minima never lower than 18°C. The geological substrate is formed by two stratigraphycal units: the Jequié Complex in the south of Bahia, which presents rocks of granulite facies, represented principally by gneisses and the Barreiras Formation, composed by unconsolidated sediments, with a lithological constitution predominantly of quartz phenoclasts besides of granulite gravel (Brasil 1976) . VARIATION (Table I) , and sampling analysis accomplished well established protocols (Table II) . Some analyses were performed in duplicate to evaluate the analytical precision of the measurement. Differences between duplicate samples were, in general, lower than 2.5% and never higher than 8%. The results were initially submitted to descriptive statistic and subsequently to parametric statistic. They were submitted to normality test, using the Kolmogorov-Smirnov or Lillefors test for the application of the parametrical analyses, with assistance of BioEstat software 4.0 (Zar 1999) . For the analysis of significant differences among stations and the sample campaigns, a variance analysis was utilized (ANOVA 2 criteria). To test significant differences among averages, a "t" Student test was utlized. The analysis of association among stations and seasonality was done by the Principal Components (PCA), using the PAST software (Hammer et al. 2001) .
For the analysis of land uses in the study area, a LANDSAT -TM 2005 image was utilized in spectral bands 2, 3 and 4, which was processed with the assistance of IDRISE ANDES software. Based on the treatment, areas covered by vegetation can be differentiated from the agro-pastoral landscapes which present undergrowth or exposed soil. Areas of deeper vegetal coverage and areas with vegetal coverage in succession stage can also be verified. The treated image was then processed by ArcView software, for the delimitation of the basin, classification of the soil occupation and calculation of the respective areas.
RESULTS AND DISCUSSION
The used SIG techniques allowed to define the Rio da Serra Basin with an area of 158 km 2 (third order drainage), being 28% of this total covered by vegetation in excellent conservation state, (Fig. 2) .
The rainfall data interpretations, based on the total precipitation during seven, fifteen and thirty days previous of the sampling (Fig. 3 ), allowed to classify the campaigns 1 and 6 as representative of the dry period, campaigns 2 and 4 representative of the wet periods and campaigns 3 and 5 typifying an intermediate period. oxygen saturation) and of low turbidity (TSS from 1.0 to 20 mg/L). Variability of these parameters depends on the major or minor preservation state of the original forest cover and the presence of wastes from agriculture or urban effluents, without previous treatment.
Chlorophyll values fits very well to the River Continuum Concept (Vanotte 1980), presenting an increase downward the basin, varying from 1.0 to 5.0 µg/L, at the headwaters, from 1.4 to 7.5 µg/L and from 1.6 to 9.2 µg/L in the middle and lower portions of the watershed, respectively. As the river becomes wider and mineralization of organic debris modify the speciation of nutrients, that became more available as dissolved forms, the primary production could experience such a detected increase. Total dissolved P minimum to maximum concentrations, for example, present the same behavior, ranging from 0.2 to 1.7 µM in headwaters, from 0.3 to 2.1µM at the middle and 0.2 to 2.4 µM at the lower stretch.
Both N and P presented a predominance of the particulate upon the dissolved fraction, in average, 90% of the TN and 95% for the TP. This speciation of nitrogen and phosphorus is maintained till the final patch of the basin, where 91% of the TN and 97% of the TP that arrive at the estuary are in particulate form (Fig. 5) . Such speciation for these elements is usually found, principally in lower order rivers (Horne and Goldman 1994, Wetzel 1993) .
The TN values oscillate from 74 to 581 µM and the TP from 5 to 47 µM (Fig. 6 ). In the dissolved fraction, the organic form of total dissolved nitrogen (TDN) appeared in larger percentual at all the stations, completing a total of 92% at the headwater points, reducing to 79% in the medium and final patches. For the phosphorus, the organic form predominated upon the inorganic form in the medium and final patches of the basin, where around of 84% of the TDP was in organic form, while at the headwater points there existed a predominance of the inorganic form, completing a total of 56% of the TDP. This difference between N and P is justified first by the role played by the geogenic contribution of the phosphorus cycling in superficial environment, being the passage to the biotic reservoir occurring more downstream the hydrographical basins, as determined by the concept of river continuum. The second aspect refers to the higher nitrogen concentration in more labile organic molecules (ex. proteins), which are promptly disponibilized for the hydric bodies, even in the headwater regions.
In relation to the spatial gradient of the basin, the ANOVA variance analysis points out differences among the points and collection (p < 0.05) and the TUKEY test revealed that the temperature values, pH, TSS, chlorophyll and nitrate are significantly minor at the headwater significant contribution of allochthonous organic matter, with the consequential formation of humic acids liberated during the decomposition process.
The higher TSS concentrations at the patches of the medium and final points of the basin reflect the progressive reduction of the vegetal coverage in these areas (Sator et al. 2007 , Branco and Necchi Jr 1997 , Marques et al. 2003 . The spatial differences of the chlorophyll can be explained by the minor exposition to the sunlight at the headwater points. This variable shows a positive correlation with the temperature (r 2 = 0.82). The chlorophyll and temperature values rise at the downstream points, where the water bodies appear with higher chute and, consequently, higher exposition to the sunlight, regardless of the higher TSS concentration at these points.
TN and TP do not present a clear spatial distinction, contrarily to their dissolved forms, principally the inorganic species, that reflect clearly the differences between the different studied sectors. The lowest nitrate concentrations were found at the headwaters, resulting of the riparian zone influence retaining the nitrate at the superior patch of the basin (Marques 2004). The contrary occurred with the phosphate, which had its lowest concentrations at the final patches of the basin. The strong affinity of the phosphorus with the particulate fraction (House 2003) , favors the phosphate adsoption to the TSS, which also increases in this region. The higher DON percentuals at the headwaters are related to the decomposition of the organic matter originated in the Biological Reserve. In this patch, where the vegetation is dense, the allochthonous contributions are relatively larger in relation than those of the medium and final patches.
The DO concentrations and fecal coliforms did not present any distinction among the stations according to the test. Related to this last parameter, the absence of large population agglomerations in all the extension of the basin, is the main factor for the low concentrations.
The electric conductivity and the silicate presented a distinction of points 1 and 2 to sampling points 3 and 4, reflecting the mineralogical differences between the granulites and the predominantly quartz sediments of the Barreiras Formation, which composes entirely the substrate of the sub-basin of the São Caetano Creek (Fig.1) . At the other points the silicate concentrations were more elevated due to the soil use, with intense deforestation for the implantation of pastures or small plantations.
The ANOVA still points out at the influence of season in the temperature variation, the DO, the electric conductivity, the TSS and the nitrate and silicate concentrations. According to the TUKEy test, the 1st and 6th campaigns present significant differences compared to the 4th and 5th campaigns (p < 0.05), showing a differenced pattern between dry and wet periods. The higher DO concentrations at the former are related with the minor load of allochthonous organic matter, which reduced the oxygen demand for decomposition (Rezende and Mazzoni 2005) . Similar to the DO, the electric conductivity, the nitrate and the silicate concentrations present a clear distinction between campaigns, presenting always higher values during the dry period. The larger water volume in the wet season provoked a dilution of the dissolved elements, reducing the conductivity and the nitrate and silicate concentrations (Marques et al. 2003) , maintaining concentrations distribution of the spatial pattern mentioned above. The TSS concentrations in the wet period campaigns were significantly larger in relation to dry periods, due to the superficial outflow of the rain waters provoking a larger soil matter contribution for the water bodies. For the TSS, the difference between dry and wet periods becomes still higher at the patches of the medium and final stations, where the forest has been retired, revealing the buffering capacity promoted by the maintenance of the original vegetal coverage. (Branco and Necchi Jr 1997 The concentrations of total nitrogen (TN) and total phosphorus (TP) were not significant different between the dry and wet campaigns or between sampling stations. The nitrite and ammonia were always very close, or under the method detection limit, so the nitrate responds for the totality of the inorganic fraction of the DIN. The lowest nitrate concentrations (0.6 µM) were found at the headwaters stations and the higher at the middle and final portions (up to 9.3 and 8.0 µM respectively). Unlike nitrate, phosphate concentrations were higher at the headwater stations (0.7 µM) and lower at the middle and final portions (0.1 µM).
The concentrations of fecal coliforms did not present any spatial or seasonal distinction in the Rio da Serra Basin, with values oscillating between 78 and 690 CFU/100 mL (Fig. 7) . These low values are an obvious reflex of the absence of any significant population nucleus in the area, reinforcing the quasi pristine characteristics of this watershed. In these aspects it is interesting to compare the obtained results, with proposed values of trophic levels in rivers (Lamparelli 2004). According to this proposition, the Rio da Serra basin is classified as ultra-oligotrophic, with TP values inferior to 0.013 mg/L, which is expected, in view of the absence of significant sources of domestic organic effluents.
Two large wetlands exist in the Rio da Serra Basin: the first one separates points 5 and 7 (distant approximately 3 km one from another) on the Rio da Serra, originated in function of the BA 001 Highway construction, and the second one at point 6, near the mouth of the Serra Stream (Fig. 8) .
As stated by the literature (Esteves 1998, Tundisi and Tundisi 2008, Wetzel 1993) wetlands possess other differentiated biogeochemical dynamics than those present in the lotic bodies at which they are associated. In this research, an abrupt reduction of pH, DO and nitrate was observed, besides of an increase in phosphate, in wet season campaigns, upstream and downstream of the areas subjected to wetting. In the dry period the fluvial waters run in defined banks, while during wet season they communicate with the flooded areas. The high productivity of the wetland areas induces hypoxia when the oxidative decomposition of the produced organic matter occurs, in this case represented by the increase of the acidity and reduction of the oxygen concentration (Junk et. al. 1989) . Likewise, the congeniality of the denitrification process, characteristic of these environments, is manifested at those points. The reducing conditions of the water of the wetlands, create favorable conditions for the liberation of phosphorus from the sediments for the water column, being incorporated to the fluvial channel during the wet pulse (Junk et al. 1989 ), as detected in the Rio da Serra basin and in a study in similar areas of the Domain (Marques et al. 2003) .
A concise discussion of the obtained data can be developed, interpreting the results of the PCA, represented in Figure 9 . Using the results of all the variables analyzed in campaigns 4, 5 and 6, which do not present gaps referent to the physical-chemical data, and are representative of wet, intermediate and dry periods, a formation of three different groups can be observed. The first group evidences the spatial gradient of the basin and is associated to the horizontal axis. This group shows a combination of the headwater points at the two quadrants right of the graphic, differentiated from the points of the medium and final patches, determining a zoning in the fluvial hydrochemistry between a forested area and a deforested one, being, principally, impelled by DON and phosphate and negatively correlated with pH and nitrate. ELLY R.S. DE SOUZA and FRANCISCO C.F. DE PAULA The second group, associated to the vertical axis, groups stations 6 (points 6a and 6h) sampled at dry period, demonstrating that the base flow is the period with the highest definition of the spectral signature of the system, represented, principally by DO, silicate and conductivity, which presented more elevated values, for all the stations in this period. The temperature separates negatively the 6th campaign from the others, always lower in this campaign. The third group reflects the influence of the wetland, and appears in the distinction of the obtained distribution for point 6 between the dry period campaign (6f) and the others (4f and 5f). These last ones were grouped influenced by the oxygen saturation (DO%), taken that some peculiarities of this point provoke a large variation of the DO between campaigns, tending to hypoxia at wet season.
CONCLUSION
The base flow that characterizes the dry period was the one which provided a remarkable hydrochemical signature different from intermediate and wet periods when the signal is not well defined. Electric conductivity, DO, TSS, besides the nitrate, were the variables which most clearly felt the control exercised by season, in the behavior of the fluvial hydrochemistry of the studied area.
The differences in the spatial gradient of the watershed of the Rio da Serra could be observed by the separation between the acting processes at the headwater in relation to the medium and final patches, in function of the excellent preservation state upstream the basin. Thus, although the predominance of the particulate fraction of TP and TN in all stations, the speciation process of the dissolved forms, which sets the DON and the phosphate dominating at the headwaters and, the nitrate and DOP downstream, reveals a change induced by processes of biogeochemical speciation and cycling of these elements.
The existence of wetlands in the Rio da Serra basin was responsible for downstream fluvial hydrochemical changes, reduction of pH, DO and nitrate besides the increase in phosphate concentrations, during the wet period, when the inundation pulse mixes the stagnated waters of these areas with running river waters. 
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